The mannan chains of Klyveromyces lactis mannoproteins are similar to those of Saccharomyces cerevisiae except that they lack mannose phosphate and have terminal al--2-linked N-acetylglucosamine. The biosynthesis of these chains probably occurs in the lumen of the Golgi apparatus, by analogy to S. cerevisiae. The sugar donors, GDP- These strains were mass mated as described (8) on malt extract (ME) agar to obtain the K lactis strain KL3 (MATa uraA, mnn2-2, arg-K+ pKD1+) used throughout this study. ME was used as mating and sporulation medium. Spore isolation involved digestion of the sporulated culture with zymolase 100 T at 0.1 mg/ml for 10 min at room temperature followed by dissection of tetrads with a micromanipulator.
acetylglucosamine, and a fluorescent activated cell sorter. A 2.4-kb DNA fragment was found to restore the wild-type lectin binding phenotype. Upon loss of the plasmid containing this fragment, reversion to the mutant phenotype occurred. The above fragment contained an open reading frame for a multitransmembrane spanning protein of 328 amino acids. The protein contains a leucine zipper motif and has high homology to predicted proteins from S. cerevisiae and C. elegans. In an assay in vitro, Golgi vesicles isolated from the transformant had regained their ability to transport UDPGlcNAc. Taken together, the above results strongly suggest that the cloned gene encodes the Golgi UDP-GlcNAc transporter of K lactis.
Outer mannan chains of mannoproteins of Kluyveromyces lactis are similar to those of Saccharomyces cerevisiae, with the exception that they have a terminal al--2-linked Nacetylglucosamine residue and lack mannose phosphate groups (1) . By analogy to S. cerevisiae, it is probable that the outer mannan chains and terminal N-acetylglucosamine residues are added in the lumen of Golgi apparatus (2) . GDPmannose and UDP-GlcNAc, the sugar donors in these reactions, must first be transported from the cytosol, their sites of synthesis, via Golgi membrane transporters into the lumen to serve as substrates for the biosynthesis of the mannan chains (3) . Mutants of K lactis without terminal N-acetylglucosamine in their mannoproteins have been previously isolated and described by Ballou and coworkers (4, 5) . In one of these
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. mutants, mnn2-2, the biosynthesis of glucosamine containing lipids is also impaired (6) . This mutant was recently found to have a defect in transport of UDP-GlcNAc into Golgi vesicles; the transport defect appears to be specific since the same vesicles transport GDP-mannose into their lumen at initial velocities comparable to those of wild-type vesicles (6) .
We hypothesized that the difference in the phenotype between the above described mutant These strains were mass mated as described (8) on malt extract (ME) agar to obtain the K lactis strain KL3 (MATa uraA, mnn2-2, arg-K+ pKD1+) used throughout this study. ME was used as mating and sporulation medium. Spore isolation involved digestion of the sporulated culture with zymolase 100 T at 0.1 mg/ml for 10 min at room temperature followed by dissection of tetrads with a micromanipulator. (13) . The hydrophobicity plots were generated by the method of Kyte and Doolittle (14) with a window of 17 amino acids. Subcellular Fractionation and Assays for Nucleotide Sugar Translocation, GDPase, and al-2-N-Acetylglucosaminyl
Transferase. All the above procedures have recently been described in detail (6) . Briefly, cultures were converted to spheroplasts and a P3 fraction (15) 
RESULTS
We recently characterized the biochemical defect of K lactis mnn2-2, a mutant lacking terminal N-acetylglucosamine in its mannan chains, as a deficiency of transport of UDP-GlcNAc into the Golgi apparatus (6) . In the Golgi lumen, this nucleotide sugar is a substrate for the al-2-N-acetylglucosaminyl transferase that adds terminal N-acetylglucosamine to outer mannan chains.
To clone the Golgi membrane UDP-GlcNAc transporter gene by complementation, one needs a K lactis strain that retains the mnn2-2 mutation, is ura-, and contains the pKD1+ ( (Fig. 1C) .
Restriction endonuclease analyses of the recovered plasmids indicated that they were identical and contained an insert of approximately 9.5 kb. This plasmid, which contained the complementing genomic clone, was named pCA 66 and is shown in Fig. 2 (Fig. 1D) .
The genomic clone (Fig. 2) (Fig. 2) contained entirely within the 1.4-kb ApaL1/HindIII fragment. The complete sequence of this fragment is shown in Fig. 3 TTATGTTGGGGTACACAAGG CTCAGAGACGAATTCAGAGA CCTCTTAATTTCCTCAGACT CAATGGATATTCCTATTGTT 960
AAATTACCAATTGCTACGAA ACTTTTCATGCTAATAGCTA ATAACGTGACCCAGTTCATT TGTATCAAAGGTGTTAACAT 1040
ACATCTACAAGAAcGTCCTA TCCGTGACTGCATACCTAGG GACCATCACCGTGTTCCTGG GAGCTGGTTTGTATTCATAT 1200
GGTTCGGTCAAAACTGCACT GCCTCGCTGAACAATCCAC GTCTGTATGATACTCGTTTC AGAATTTTTCGGATTTTCTG 1280 Comparison of the 328-amino acid sequence of the K lactis Golgi membrane UDP-GlcNAc transport depicted in Fig. 3 with sequences available in different data banks yielded two proteins with high degree of homology: a putative protein of S. cerevisiae that has an ORF of 342 amino acids and has 52% of identity and 71% of similarity over all the sequence, and a protein from Caenorhabditis elegans of 318 amino acids with 32% of identity and 52% of similarity over all the sequence.
The distribution of the hydrophobic segments of the K lactis Golgi UDP-GlcNAc transporter is very similar to that of the other two homologs when compared by using the algorithm of Kyte and Doolittle (Fig. 4) . A similar general conclusion was reached when the hydrophobic plots of the proteins were compared by the algorithm developed by Engelman et al. (20) . The (21) and MEMSTAT (22) 
